ABSTRACT: This study evaluated the effect of some plaque and salivary factors on caries progression in situ. The salivary secretion rate, buffering capacity and mutans streptococci counts from 13 volunteers were determined. For three distinct periods of time, 4, 7 and 10 days, each of them wore a palatal appliance containing 4 bovine enamel blocks. They used a non-fluoridated dentifrice during the experiment and a 20% sucrose solution was dripped onto the blocks 10 times a day. Mutans streptococci (MS), calcium (Ca), and insoluble polysaccharide (IP) were quantified in the dental plaque formed on the enamel blocks, after each period. Enamel demineralization was assessed by surface microhardness, and the percentage of surface microhardness change (%SMC) in relation to the baseline values was calculated. Enamel demineralization occurred after each period of plaque accumulation (p < 0.05), and the %SMC increased with time (from 13.8 to 48.3%). The concentrations of Ca and IP in plaque were not statistically different among the experimental times, but significant correlations were found between these concentrations and %SMC. Neither the salivary factors assessed initially nor mutans streptococci in plaque presented statistically significant correlations to %SMC. The results suggest that enamel demineralization is time-dependent and is more related to the composition of the biofilm formed than to the salivary factors studied.
INTRODUCTION
Dental plaque left undisturbed over teeth is implicated in dental caries development, and, in the presence of frequent exposure to sucrose, white spots are clinically detected after 14-21 days 7, 22 . Using sensitive laboratory methods to assess enamel demineralization it was demonstrated that even shorter periods were enough to cause enamel alterations 2, 16 . However, the relationship between salivary factors, period of dental plaque accumulation, and dental caries deserves further research.
It has been assumed that plaque cariogenicity is influenced by a dynamic interaction of dietary and salivary, microbiological and biochemical factors. Salivary flow rate, buffer capacity and mutans streptococci counts were significantly related to caries occurrence in some studies 9, 19 , and the evaluation of these factors has been proposed as a tool for caries risk assessment; but the associations with caries are normally weak. Also, mutans streptococci counts in plaque are considered to be indicative of caries activity 10 , although an inconsistent relationship between numbers of mutans streptococci in plaque and caries state of enamel beneath it has been found in some studies 21 .
Considering the biochemical factors involved in dental caries development, it is suggested that a shift in demineralization is related to higher concentrations of insoluble polysaccharides and lower concentrations of inorganic minerals in dental plaque 1, 4, 5, 11, 15 . Although the effect of salivary and microbiological factors on dental caries has been studied, there are not data about the role of those factors in the formation and maturation of a cariogenic dental plaque and on enamel demineralization after short periods of plaque accumulation. Thus, the purpose of this experimental study was two-fold: (1) to evaluate the progression of in situ enamel demineralization over time, under a highly cariogenic situation, and (2) to investigate the influence of some plaque and salivary factors on such demineralization.
MATERIALS AND METHODS

Experimental design
The study involved a crossover design performed in three distinct phases, at 4, 7 and 10 days of plaque accumulation in situ. Ethical approval was obtained from the Ethics Committee, School of Dentistry of Bauru. Thirteen healthy volunteers, 19-28 years old, were selected among dental students at the State University of Maringá, Paraná, Brazil. None of the selected volunteers had been recently treated with antibiotics. Before the experimental period, unstimulated and stimulated saliva was collected and the salivary flow rate was determined. Stimulated-saliva buffer capacity and salivary mutans streptococci counts were also investigated.
Enamel blocks (4 x 4 x 2 mm) were prepared from bovine incisors and stored in a 2% formaldehyde solution (Vetec Química Fina Ltda., Rio de Janeiro, Brazil), pH 7.0, for at least a month 4, 5 . The enamel surface was polished for baseline surface microhardness (SMH) determination. The volunteers wore acrylic palatal appliances containing four dental enamel blocks during distinct periods of time, 4, 7 and 10 days. For each period, a new set of enamel blocks was used. Enamel blocks were placed in a recess 1.0 mm below the acrylic flange, and plaque was allowed to accumulate over them, protected from any mechanical disturbance by a plastic mesh fixed onto the acrylic surface 4, 5 . Ten times a day the appliances were removed from the mouth and one drop of a 20% sucrose solution (Labsynth, Diadema, SP, Brazil) 4, 5 was dripped over each enamel block. After 5 minutes the appliances were reinserted in the mouth. The volunteers received instructions to wear the appliance at all times, including at night, but to remove it during meals or while consuming beverages. They used a non-fluoridated dentifrice 10 days before and during the study, but drank fluoridated water (about 0.7 ppm). The test subjects received oral and written instructions to refrain from using any antibacterial or fluoridated product.
The volunteers were randomly assigned to begin the in situ phase at the different periods (4, 7 or 10 days). A washout period of 7 days was allowed between each phase. After each demineralization period, the dental plaque formed on the enamel blocks was pooled for microbiological and biochemical analysis. Enamel SMH was determined again, and the percentage of surface microhardness change (%SMC) was calculated.
Salivary flow rate and buffer capacity
For the unstimulated collection, volunteers were seated with their heads slightly down, and gently spat the saliva accumulated in their mouth into the receiving beaker. For the stimulated flow rate determination, volunteers chewed a 1 cm piece of a sterilized latex tube (Auriflex, São Roque, SP, Brazil) for 5 minutes. The flow rates were expressed in ml/min. For the buffer capacity determination, triplicates of 1 ml of stimulated saliva were transferred to tubes containing 3 ml of tritated 5 mM HCl (Merck, Darmstadt, Germany). The tubes were closed and inverted 5 times, opened and left to stand for 5 minutes. Final pH of the mixture was determined using a pH-meter (± 0.01), calibrated with the standards pH 7.0 and 4.0.
Mutans streptococci counts in saliva
Stimulated saliva was homogenized in a Thermolyne mixer (Barnsted International, Dubuque, IA, USA) for 30 s and ten-fold serial dilutions in saline were plated in duplicate on a petri dish (Inlab, Diadema, SP, Brazil) containing mitis-salivariusbacitracin (MSB) agar (Difco Laboratories, Detroit, MI, USA) 8 , by the drop-counting technique 13 . The plates were incubated in microaerophilic condition (candle jar) at 37ºC for 48 h. Only colonies with typical morphology were counted. The detection limit with the methods used was 50 CFU/ml of saliva. The number of CFU/ml of saliva was calculated and converted to log 10 for the statistical analysis.
Mutans streptococci counts in dental plaque
Plaque collection was always done at the end of the morning or afternoon, without controlling the time after the last sucrose exposure. At the end of each experimental period, plaque samples collected from two opposite blocks were immediately transferred to screw-capped vials containing 2 ml of a sterile 0.15 M phosphate-buffered saline solution, pH 7.4, and 15-20 glass beads (1 mm in diameter). The plaque was dispersed using a Thermolyne mixer for 30 s and ten-fold serial dilutions in sterile buffered saline were cultivated on MSB agar and counted as described for saliva. Different colony morphologies were identified by Gram staining and morphology.
Mutans streptococci in dental plaque was estimated as the percentage of total bacteria, cultivated on brucella agar (Difco Laboratories, Detroit, MI, USA) supplemented with hemin, vitamin K and 5% sterile defibrinated sheep blood, incubated at 37ºC for 72-96 h, in a Gaspak anaerobic jar (BD Diagnostic Systems, Sparks, MD, USA). The detection limit with the methods used was 50 CFU/ml of plaque suspension.
Biochemical analysis of dental plaque
Plaque samples from another two opposite enamel blocks were pooled, as described above, and dried for 24 h in vacuum over P 2 O 5 . The dry weight was then obtained (± 0.01 mg). Analysis of acid soluble Ca and insoluble polysaccharides (IP) in dental plaque was performed according to Cury et al. 4,5 (1997, 2000) . Acid and alkali treatments were performed using 0.1 ml of 0.5 M HCl and 0.2 ml of 1.0 N NaOH (Vetec Química Fina Ltda., Rio de Janeiro, Brazil) per mg of plaque, respectively. For samples with less than 1.0 mg of dry weight, 0.1 ml of 0.5 M HCl and 0.2 ml of 1.0 N NaOH were used.
Microhardness analysis
SMH was measured using a Knoop indenter with a 50 g load for 5 s and a Future-Tech FM microhardness tester coupled to the FM-ARS software (version 2.00.01) (Future-Tech Corp., Tokyo, Japan). After each phase, SMH was evaluated by making one row of five indentations spaced at 100 mm on the side of the five baseline measurements, and the percentage of surface microhardness change (%SMC) was calculated (%SMC = SMH after demineralization -baseline´100/baseline).
Statistical analysis
Data on %SMC, Ca, IP, and % of mutans streptococci in plaque were transformed to fit the statistical tests properly. Paired-t test was used to compare baseline and final SMH in the three periods of plaque accumulation. The correlation between salivary flow rate, buffer capacity, mutans streptococci counts in saliva and inorganic concentration in plaque and the %SMC was investigated by Pearson's correlation test. Differences among the three experimental periods in relation to %SMC and the inorganic concentration in dental plaque were tested by two-way ANOVA followed by Tukey's test. Friedman's test was used when the same comparison was made for mutans streptococci in dental plaque. The correlation between the percentage of these bacteria in plaque and enamel demineralization was assessed using Spearman's coefficient test. The tests were performed using the SAS System (version 8.02, SAS Institute Inc., Cary, NC, 1999) and the level of significance was set at p < 0.05.
RESULTS
The volunteers' unstimulated salivary flow rate ranged from 0.10 to 1.26 ml/min (mean 0.41 ml/min), and stimulated salivary flow rate from 0.74 to 2.80 ml/min (mean 1.54 ml/min). The buffer capacity varied between 3.46 and 6.42 (mean 4.98). The lowest number of mutans streptococci was 500 CFU/ml of saliva, and the highest was 230,000 CFU/ml of saliva. Table 1 shows that a significant reduction in enamel surface microhardness occurred after each demineralization period. The highest %SMC was observed after 10 days of cariogenic challenge, but the difference between the 4 and 7 days groups was not statistically significant ( Table 1) .
The correlation between the baseline microbiological and salivary factors and the mean %SMC for each volunteer was not statistically significant (p > 0.05).
Mutans streptococci were not detected in 17 of the 39 samples of plaque analyzed. When present, the proportion of these bacteria in total viable count was low (between 0.008% and 0.472%), and no trend among groups or volunteers could be observed. Indeed, no significant correlation was found between the proportion of mutans streptococci in plaque and the %SMC (Table 2) .
Ca concentration in plaque decreased from 2.14 to 1.77 mg/mg and IP increased from 131.8 to 148.8 mg/mg with longer times of plaque accumulation, but no statistically significant difference was found between the three groups. On the other hand, Ca and IP concentrations in the biofilm presented a significant positive and negative association, respectively, to the enamel demineralization during the three periods (Table 2 ).
DISCUSSION
It is well known that dental plaque accumulated over teeth, without mechanical disturbance and supplemented with fermentable sugars, certainly leads to dental enamel demineralization 16, 22 . However, there are not data about the factors that might influence the formation of the cariogenic biofilm and that could explain the different demineralization patterns found among different subjects.
In the present study, enamel demineralization was observed after 4 days of dental plaque accumulation at high frequency exposure to sugar (Table 1). This could have occurred in less time, but the pilot study (data not shown) revealed that after 48 h, no change in enamel surface microhardness (SMH) could be observed. As SMH is considered a very sensitive method of evaluating early caries lesion 23 , we can suggest that it takes around 3-4 days for dental plaque to manifest its cariogenicity. This period could be shorter for bovine enamel 6 , but the findings in this study are similar to those for human enamel 2 . Demineralization increased with time and was visible as white spots after a 10-day high cariogenic challenge period. Nevertheless, we did not find any relationship between the biochemical salivary factors assessed at baseline and the subsequent enamel demineralization observed. These findings are in agreement with those of some authors 9 but differ from the results of others 19 . Our data support the report that the association between these factors and caries activity is weak, suggesting their use in a longitudinal and regular follow-up of a patient 18 , rather than as caries predictors. A possible explanation for the lack of association between salivary flow rate and buffer capacity, and enamel demineralization is that the experimental model used simulates an interproximal plaque, where the access to saliva is limited 23 . Also, none of the volunteers presented a low salivary flow rate, which may also have contributed to the lack of relationship.
Considering mutans streptococci levels in saliva, its correlation to the subsequent enamel demineralization was also not statistically significant. Other authors also found limited results when assessing the usefulness of these bacteria counts as a tool for predicting individual caries development 17 . Thus, it is reasonable to consider that such tests must be carefully used when predicting caries risk on an individual basis. However, the low levels of mutans streptococci found in the saliva of the volunteers may have contributed to the lack of relationship found in this study. Using populations with wide-ranging levels of mutans streptococci in saliva, some studies were able to find a relationship between them and present or future dental caries experience 9, 19 . In addition, the present study also did not find a relationship between enamel demineralization and the proportion of mutans streptococci in the plaque formed (Table 2 ). This finding is in agreement with those of longitudinal 12 , cross-sectional 17, 21 , and in situ studies 3, 14 , but in contrast to those of other publications 10 . This can be explained by the fact that the period of plaque accumulation was not enough for these bacteria to emerge in high concentrations in plaque 14 . With regard to the chemical composition of dental plaque, the concentration of IP was the same at all periods, but was significantly related to enamel demineralization (Table 2 ). This result demonstrates the cariogenic potential of a biofilm enriched with extracellular polysaccharides 20 , which has been shown in situ 4, 5 and in vivo 15 . The low mutans streptococci counts in plaque found in this study support the idea that polysaccharide production may be more important than the number of these bacteria, as suggested by MattosGraner et al.
11
. The significant relationship found between Ca levels in plaque and loss of enamel SMH is in agreement with the findings of Cury et al. 4, 5 , and shows the importance of this ion in caries development 1 .
CONCLUSIONS
In summary, it was shown that the time for dental plaque to cause enamel demineralization can be as short as four days. As none of the salivary factors studied could be closely implicated in cariogenicity, the results suggest that the change induced by sugar in the biofilm formed is the most relevant factor involved in caries development.
